Objectives: To describe the frequency and duration of perioperative catheter use and to determine the relationship between catheter use and postoperative outcomes.
eters. Of these, 50% had catheters for longer than 2 days postoperatively. These patients were twice as likely to develop urinary tract infections than patients with catheterization of 2 days or less. In multivariate analyses, a postoperative catheterization longer than 2 days was associated with an increased likelihood of in-hospital urinary tract infection (hazard ratio, 1.21; 95% confidence interval [CI], 1.04-1.41) and 30-day mortality (parameter estimate, 0.54; 95% CI, 0.37-0.72) as well as a decreased likelihood of discharge to home (parameter estimate, −0.57; 95% CI, −0.64 to −1.51).
Conclusions: Indwelling urinary catheters are routinely in place longer than 2 days postoperatively and may result in excess nosocomial infections. The association with adverse outcomes makes postoperative catheter duration a reasonable target of infection control and surgical quality-improvement initiatives.
Arch Surg. 2008; 143(6) : [551] [552] [553] [554] [555] [556] [557] P ERIOPERATIVE INDWELLING urinary catheter use has become ubiquitous. In the late 1990s, patients were exposed to urinary catheters on 85% of their days in the intensive care unit. 1 High rates of perioperative catheter use are intended to reduce postoperative bladder dysfunction related to anesthesia, analgesia, and immobility. [2] [3] [4] Any benefit of urinary catheters for patients postoperatively is offset, however, by the substantial risk of a urinary tract infection (UTI), accrued in direct relationship with the duration of catheterization, estimated to be 5% to 10% per catheter-day beyond the first 48 hours of catheterization. 5, 6 The consequences of catheter-associated UTIs are significant and include prolonged hospital stay, bacteremia, prosthetic joint infection, and death, 4, 7 thus providing a strong rationale for limiting the duration of urinary catheterization postoperatively to 48 hours unless ongoing bladder dysfunction prohibits removal.
Only a limited number of prospective studies address optimal bladder management for surgical patients-most are small, single-institution studies on orthopedic surgical services. 3, 4, [8] [9] [10] Therefore, in the absence ofguidancefromthemedicalliterature,most authors suggest limiting postoperative urinary catheterization to no longer than 48 hours. Despite these recommendations, a clear standard of care for postoperative bladder management has not emerged.
The National Surgical Infection Prevention Project, a collaboration between the Centers for Medicare & Medicaid Services and the Centers for Disease Control and Prevention, promoted practices that reduce the risk of surgical site infections. 11 From their baseline data collection, we obtained information about processes of care, including urinary catheter use, and outcomes. Using these data pertaining to Medicare patients undergoing selected major operations, we could (1) describe the frequency and duration of perioperative urinary catheter use and (2) test the hypothesis that urinary catheter use longer than 2 days postoperatively is negatively associated with postoperative outcomes when compared with urinary catheter use 2 days or less.
METHODS

DESIGN
The National Surgical Infection Prevention Project was a retrospective cohort study that evaluated 3 performance measures of the use of antimicrobial prophylaxis to prevent surgical site infections. 11 Access to these data is provided to the Medicare program by statute; therefore, informed consent of the participants was not required. This study was approved and considered exempt from periodic continuing review by the Colorado Multiple Institutional Review Board.
PARTICIPANTS
Two thousand nine hundred sixty-five acute care US hospitals served as the study setting. The study participants included a systematic random sample of 39 086 Medicare fee-for-service beneficiaries who underwent selected operations between January 1 and November 30, 2001. Eligible operations included Medicare Part A claims with a principal or secondary International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), procedure code for coronary artery bypass surgery and other open-chest cardiac operations (excluding transplantation); vascular surgery (including aneurysm repair, thromboendarterectomy, and vein bypass operations); general abdominal colorectal surgery; or hip or knee total joint arthroplasty (excluding revision surgery). We excluded 2910 patients who underwent either abdominal or vaginal hysterectomies because of these organs' proximity to the urinary tract, 205 patients who did not undergo a procedure of interest, 61 patients for whom catheter presence could not be determined from their medical records, and 6 patients younger than 18 years, leaving an eligible pool of 35 904 participants.
SAMPLING
A systematic random sample of 788 cases from each state or territory was used to create the National Surgical Infection Prevention Project data set before exclusions. If fewer than 750 medical records were available from a state or territory based on the surgical procedures mentioned, all eligible discharges were reviewed. 11 As a result of this sampling strategy, the number of study participants per hospital ranged from 1 to 418. More than half of the hospitals (n=1571) contributed 5 or fewer records to the data set.
DATA COLLECTION
Photocopied hospital records for the selected study participants were sent from hospitals to 1 of 2 clinical dataabstraction centers. Medical records were hand abstracted using computerized tools with explicit predefined criteria to record data elements. Reliability was determined on a subset of 559 records reviewed by a second abstractor. The statistics for the data fields coding the presence of a urinary catheter, removal of the urinary catheter, and postoperative UTI were 1.0, 0.74, and, 0.74 respectively, indicating excellent reliability.
MAIN OUTCOME MEASURES
The primary outcome measure was occurrence of a postoperative UTI during the index hospitalization. Urinary tract infection was abstracted from physician notes and orders indicating treatment for a UTI at any time following the first surgical procedure of interest. Urosepsis was a synonym for UTI. Secondary outcomes included discharge location (home vs other), abstracted from medical record discharge notes, and 30-day operative mortality obtained from the Medicare death file.
Primary Effect Variable
The primary effect variable was the duration of indwelling urinary catheterization during the first surgical procedure of interest. Catheter insertion was abstracted from the preoperative checklist, nursing notes, or the operating room or procedure reports or notes. We defined the total number of urinary catheter-days per 1000 hospital-days for each operation type as the sum of the number of days catheterized for each patient divided by the sum of the number of hospital-days for each patient multiplied by 1000. Higher numbers for this measure reflect either later removal of catheters or shorter hospital lengths of stay (LOSs).
For use in the outcome models, the duration of indwelling urinary catheterization was dichotomized at 2 days. This 2-day cutoff was chosen based on a literature review, which suggested that infectious complications from urinary catheters are unlikely to occur before 48 hours after insertion. 5, 6 Covariates Patient-level independent risk factors are listed in Table 1 and include age, sex, race, preadmission setting (nursing facility or other), American Society of Anesthesiologists score, comorbid conditions, and in-hospital complications. The American Society of Anesthesiologists score is a preoperative rating assigned to each patient, measuring the patient's general health status and coexisting conditions. 12 Scores range from I (healthy) to VI (moribund). Three in-hospital complications were included: postoperative sepsis, postoperative pneumonia, and any major noninfectious complication. The major noninfectious complications included shock, cardiac arrest, myocardial infarction, congestive heart failure, bleeding, pulmonary embolism, stroke, and major medication reaction. Each diagnosis was abstracted and recorded separately but was collapsed to 1 category for this analysis. All patient-level covariates were abstracted from medical records.
Comorbid conditions were obtained from ICD-9-CM codes from the Medicare Part A claim for the hospitalization of interest using the Elixhauser method, which only counts comorbid conditions not related to the admitting diagnosis-related group. 13 In addition to these diagnoses, comorbid conditions were chosen based on our findings in prior published stud-
WWW.ARCHSURG.COM 552 ies. 14, 15 Of particular interest was the presence of comorbidities that might justify chronic indwelling catheterization (including urinary retention, bladder outlet obstruction, paresis, multiple sclerosis, and prostate conditions). These diagnoses were determined through clinical considerations and directed by published guidelines, which consider complicated urinary retention to be the major indication for chronic indwelling catheters. 16 The operation type was determined by the primary surgical procedure and included orthopedic, cardiac, vascular, and gastrointestinal operations.
STATISTICAL ANALYSIS
We performed analysis of variance or the 2 test for patient characteristics across operation types. We also compared catheteruse patterns across surgical types using these same procedures.
Survival analysis was the primary method for examining the main outcome measure-postoperative UTI-because patients differed in duration of follow-up, ie, hospital LOS. We determined the cumulative probability of a postoperative UTI diagnosis for each postoperative day using the Kaplan-Meier approach stratified by catheterization 2 days or shorter or longer than 2 days. Patients whose records did not have a catheterremoval order documented were censored at discharge. A Cox proportional hazards model was estimated to adjust for predictors of in-hospital postoperative UTI from among patient and surgery characteristics. We adjusted for the effect of clustering of observations in hospitals using the robust sandwich estimate of Lin and Wei. 17 To correct for covariates violating the proportionality assumption of the Cox model, interaction terms reflecting the time dependence of the covariates were included in the final model. The Cox model was assessed using the global goodness-of-fit statistic and residual plot analysis.
To verify that the Cox model adequately accounted for the effects of clustering in hospitals, the risk of any postoperative UTI was also predicted using a hierarchical random-effects model controlling for patient and surgery characteristics. Because the results from the Cox models and the hierarchical models were found to be similar, only the Cox proportional hazards model is reported.
To identify predictors of the dichotomous outcomes of discharge location (home vs other) and 30-day operative mortality, hierarchical random-effects models were used, control- ling for patient and surgery characteristics and accounting for the clustering of observations in hospitals. The choice of independent variables was driven by clinical hypotheses and informed by prior work. All covariates of interest were tested in general linear regression and logistic regression models as appropriate before inclusion in the Cox and hierarchical models. All analyses were completed using SAS, version 9.13 (SAS Institute Inc, Cary, North Carolina), and all the test results were defined as significant at PϽ.05.
RESULTS
PATIENT CHARACTERISTICS
Eighty-six percent of surgical patients meeting study criteria had perioperative urinary catheters. Cases without catheters (n = 4957) were overwhelmingly orthopedic, with a diagnosis of renal failure (80%). Patients without catheters were excluded from further analysis, because they were not relevant to our main hypothesis. In addition, they comprise a clinically distinct patient population in whom the reasons for receiving or not receiving a perioperative urinary catheter are unknown.
Of the 30 947 remaining surgical records, 38% were for orthopedic procedures, 28% were for cardiac procedures, 12% were for vascular procedures, and 22% were for gastrointestinal procedures. Study participants were elderly (mean [SD] age, 74 [9] years), white (89%), and more likely to be female (54%). 
PATTERNS OF POSTOPERATIVE FOLEY CATHETERIZATION
For patients with perioperative urinary catheters, Table 2 presents catheter-use patterns by operation type. Among these patients, 82% had a urinary catheter-removal order documented before discharge, a rate that was consistent across surgical services. Patients who underwent orthopedic operations had the shortest mean catheterization (2.5 days), while patients undergoing gastrointestinal operations had the longest mean catheterization (5.1 days). Orthopedic operations also had the most urinary catheter-days per 1000 hospital-days of any surgical service owing to their short hospital LOS (n=488).
POSTOPERATIVE OUTCOMES
Rates of postoperative outcomes are presented in Table 3 .
We found that unadjusted rates of UTIs were similar across all surgical services, while the rates of discharge to home and 30-day mortality differed. Orthopedic cases had lower rates of discharge to home, most likely related to their routine discharge to rehabilitation settings, and lower mortality rates. The cumulative probability of having a diagnosis of and being treated for a UTI was twice as high for patients with a catheterization of longer than 2 days than for patients with a catheterization of 2 days or shorter (9.4% vs 4.5%; log-rank test, P=.004), as shown in the Kaplan-Meier curves ( Figure) . Table 4 contains the results of the Cox proportional hazards model assessing the relationship between catheterization longer than 2 days postoperatively and time to UTI, after adjusting for patient and surgery characteristics. The strongest predictors of shorter time to UTI were postoperative sepsis, any diagnosis justifying chronic urinary catheter, nursing home residence, dementia, and male sex. Catheterization longer than 2 days remained a significant predictor of time to UTI (hazard ratio, 1.21; 95% confidence interval, 1.04-1.41) in our model. Table 5 contains the hierarchical model relating a catheterization of longer than 2 days postoperatively with discharge to home, adjusting for patient and operation characteristics. Operation type (cardiac, vascular, and gastrointestinal) and age younger than 75 years were the strongest predictors of 30-day discharge to one's home, and nursing home residence was the strongest predictor of discharge to a location other than one's home. Catheter duration of longer than 2 days was significantly associated with discharge to a location other than one's home (parameter estimate, −0.57; 95% confidence interval, −0.64 to −0.51).
The strongest predictors of 30-day operative mortality (Table 6) were noninfectious complications, renal failure, nursing home residence, and stroke. Sensitivity analysis of 30-day operative mortality was performed by removing all early deaths (within 3 days of surgery). The relationship between catheter duration and 30-day postoperative mortality remained significant (parameter estimate, 0.54; 95% confidence interval, 0.37-0.72).
COMMENT
Indwelling urinary catheters are routine in perioperative care. As with many medical interventions, the benefits of urinary catheters must be considered in the context of their associated adverse effects, namely, catheterassociated UTIs. The results of this national study show that perioperative urinary catheterization is nearly universal for Medicare beneficiaries undergoing major operations and suggest that patients with postoperative catheterization longer than 2 days are more likely to experience adverse outcomes.
The association we found between postoperative duration of a urinary catheter and a UTI is consistent with prior literature documenting a relationship between duration of catheterization and rates of bacteriuria and UTI and suggests a mechanism through which long catheterization could result in decreased discharges to home and increased mortality 5, 6 Among patients with UTIs, an estimated 3.6% will develop bacteremia-a condition that adds significantly to hospital LOS 18 and is a risk factor for death among elderly patients. 19 We found that the increased rate of UTIs in patients with catheterizations longer than 2 days is apparent only after postoperative day 6. The observed lag time may be due to the conservative case definition, ie, the UTI must have been documented as having been treated. The lag time suggests that a significant number of UTIs may have been missed among patients dis- Figure. Cumulative probability of urinary tract infection (UTI) by postoperative catheterization. Log-rank test for difference between curves, P = .004. The difference first becomes significant at day 9. charged early only to present in post-acute care. It is particularly relevant to orthopedic surgery, which has a shorter mean LOS (5.0 days) than other surgical procedures and is also associated with shorter time to UTI. These observations raise the concern that the postoperative UTI rate for orthopedic surgery patients is underestimated in our data.
In addition to its association with UTI, we found that postoperative urinary catheterization longer than 2 days was associated with increased mortality and decreased discharge to one's home. Even in the face of a plausible mechanism for these associations, urinary catheterization longer than 2 days need not directly cause these outcomes, but may alternatively or additionally be a marker of suboptimal postoperative care resulting in poor outcomes. Our mortality and discharge-location findings are also suggested by previous work in patients discharged to subacute rehabilitation postoperatively 14, 20 and deserve further rigorous study.
Our results must be evaluated in the context of the study's limitations. In particular, most of our data were hand abstracted from medical records without direct observation of the presence or removal of catheters or laboratory results to diagnose UTIs. Rather, proxies in the medical record, such as a physician's order for catheter removal or documentation of treatment for a UTI, were used.
This methodological concern is of particular importance regarding the main effect variable, the postoperative duration of urinary catheters, which is dependent on the medical record documentation of catheter removal. Because catheter removal is underreported in medical records, 21, 22 our data set cannot distinguish between patients whose catheters were not removed before discharge and patients whose catheters were removed in the absence of documentation. The unavoidable inclusion of these falsenegative cases biases our results toward the null hypothesis, that there is no association of postoperative catheter duration and rates of postoperative outcomes. Despite the study's limitations, our results contribute to ongoing efforts to understand and improve surgical outcomes for Medicare beneficiaries. 23 Reducing the duration of postoperative urinary catheterization might directly result in fewer postoperative UTIs, decreased hospital costs, and, in the case of bacteremic UTIs, decreased hospital LOSs and rehospitalizations. 7, 14 Indirect effects might include a reduction in postoperative antibiotic use, 24 improved mobility, 25 and fewer falls. While it has previously been recognized that urinary catheters-the cause of most nosocomial UTIs-are a patient safety concern, 1 the degree to which postoperative duration of urinary catheters can be reduced has not previously been studied. Measurement and feedback is one approach to quality improvement that has been used to improve performance of process-oriented quality measures in hospitals. 26 Measurement of urinary catheter duration might be achieved by extending existing infection-control surveillance efforts. 27 On receiving feedback, a hospital could design tailored interventions to reduce duration of postoperative urinary catheters, including education of clinicians or patients, reminders and feedback to clinicians, 28 or computerized automatic stop-orders. 22 In conclusion, this work highlights postoperative duration of urinary catheterization as a potential indicator of quality of postoperative care applicable across surgical procedures. In contrast with surgery-specific outcomes (eg, mortality following coronary artery bypass grafting) or disease-specific processes of care (eg, rate of knee replacements), this work brings focus to a process of care to which most patients undergoing major operations are subject. 
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